deterioration of synovial structures. The major genetic risk factors for RA are class II major histocompatibility complex molecules human leukocyte antigen DR1 (HLA-DR1) (strongly associated with autoimmune diseases) and HLA-DR4. 7 The shared epitope QKRAA (glutamine-lysine-arginine-alanine-alanine) or QRRAA (glutamine-arginine-argininealanine-alanine) is present in the third allelic hypervariable region of DR beta (b) chains. It is the sensitivity epitope which inclines RA patients to the development of autoantibody (i.e. ACPA). 7 Environmental factors also play an important role in the development and progression of RA. Cigarette smoking is the most common environmental cause which objectifies both the susceptibility as well as severity of disease. 8 A variety of air pollutants (including particulate matter <2.5 µm in size [PM2.5], particulate matter <10 µm in size [PM10], sulfur dioxide, nitrogen dioxide [NO 2 ], carbon monoxide, and ozone) have also been demonstrated to be able to directly rouse up an inflammatory response. 9 Several additional environmental causes like exposure to infectious agents and ionizing radiation and an imbalance in steroid hormones incline individuals to RA. 8 Many studies propose the implications of oxidative and nitrosative stress and production of reactive dicarbonyl species (which ultimately form advanced glycation end products) in the pathogenesis of RA. Oxidative stress is a state in which the dynamic redox balance between oxidants and antioxidants is strongly switched towards oxidative potential leading to interruption of redox signaling and control and/or molecular damage. 10 A parallel process is nitrosative stress which can be defined as the ratio of nitrosants to antioxidants as >1 with the participation of reactive nitrogen species (RNS). 11 Similarly, advanced glycation end products (AGEs) formation and action is another parallel process linked to oxidative and/or nitrosative stress and inflammation. 12 Albumin is the most abundant plasma protein of 66 kDa, its plasma concentration is between 3.5-5.0 g/dL having a half-life of about 20 days. 13 Albumin has many crucial physiological and pharmacological roles. It is not only involved in transporting metals, fatty acids, cholesterol, bile pigments, and drugs but it is also an essential component in the regulation of osmotic pressure and distribution of fluid between different compartments. It is a major and predominant antioxidant in plasma, a body compartment that is continuously exposed to oxidative stress. The antioxidant property of plasma is mainly (>70%) due to albumin. 14 The concentration of albumin usually remains very low in cerebrospinal, aqueous humor, and synovial and lung bronchoalveolar lining fluids compared with plasma. It is inflammation that enhances vascular permeability mostly through chemicals released by activated neutrophils. 15 Albumin concentrations could be found enhanced in sites of inflammation, for the protein to exercise its various antioxidant properties. 16 Albumin is also called a "sponge" or a "tramp steamer" of the circulation because it binds many types of molecules. In fact, many antioxidant activities of albumin result from its ligandbinding capacities. 13 The flexibility of the albumin structure and its three-domain design provide a variety of binding sites that give it the ability to bind readily to ligands, such as metals ions, fatty acids, drugs, and also hormones. 14 Albumin has only cysteine (Cys) 34 residue, which account for 80% of thiol (sulfhydryl [-SH]) in plasma because of high concentration of albumin in circulation. 17 Albumin scavenges hydroxyl radicals through reduced Cys34. The -SH groups of albumin also act as important antioxidants against some RNS (peroxynitrite [OONO -]). 18 All of the six methionine residues are oxidation-sensitive amino acids in albumin. 14, 18 Methionine can be easily oxidized to methionine sulfoxide by a wide variety of oxidants/nitrosants. 19 The oxidationreduction cycle of methionine residues serves as an important reactive oxygen species (ROS)/ RNS scavenging system in organisms to protect proteins from extensive modifications.
Reactive species and dicaRbonyl in inflammation
Inflammation is a common defense process of a healthy body in response to injury and infection. However, researches suggest that it may also be the central cause of many diseases. Inflammation may be acute or chronic. Acute inflammation is a healthy response while chronic inflammation is not involved in body's natural healing process. In fact, acute inflammatory response is a part of innate immune system characterized by secretion of various cytokines (interleukin 1 beta [IL-1b], tumor necrosis factoralpha [TNF-a], IL-6, and IL-15) and chemokines (IL-8) that enable recruitment of inflammatory cells to the site of infection. Inflammatory mediators (like histamine, platelet-activating factors, bradykinin, and thrombin) are released by inflammatory cells at the site of injury. 20 The inflammatory cells (such as polymorphonuclear neutrophils) also produce ROS that are involved in the host-defense response. 21 However, if the innate immune system is incapable of eliminating the pathogen, the situation is handed over to the adaptive immune system which activates specific T and B cells for pathogen elimination. 20 If this process is prolonged or faulty, it develops to the chronic phase of inflammation that is linked with various diseases like that of the heart and RA. 21 Both B and T cells guide the pathophysiology of RA with coordinated involvement of proinflammatory cytokines. The B cells stimulate secretion of pro-inflammatory cytokines such as TNF-a and IL-6. 22 The other functions of B cells include antigen presentation and activation of T cells, interaction with chemokines which promotes the formation of TNF-a which in turn activates macrophage. 23 The activated T cells further support B cell activation and secretion of various cytokines which are responsible for synovial tissue inflammation. T cells also stimulate destructive chondrocyte and osteoclast activation. 22 The CD4+ T cells are the major sub-type of T cells found to be linked with RA. In synovial tissue, CD4+ T cells differentiate mainly into type 1 helper (Th1)-like effector cells which are responsible for the production of pro-inflammatory cytokines (such as interferon gamma [IFN-g] and TNF-a) and Th17. The Th17 (secretes IL-17 and IL-23) subtype of CD4+ T cells plays a central role in synovial inflammation which is followed by bone erosion. 24 Both Th1 and Th17 sub-types play a vital role in propagating inflammation and tissue damage in RA.
Likewise, ROS function as a signaling molecule at physiological concentrations, regulating cell growth, differentiation, senescence, and apoptosis. However, prolonged ROS production is considered to be a key player in the progression of several inflammatory diseases. 20 In some cases, ROS are generated as byproducts of metabolic processes either through the electron transport chain (ETC) in mitochondria and/or via the cytochrome P450. The other central source is the NAD(P)H oxidase [nicotinamide adenine dinucleotide (phosphate) oxidase] (a complex of enzymes that produces superoxide) which is present in a number of cells, particularly in the professional phagocytes and endothelial cells. These cells are key players in initiation and development of the inflammatory response. 25 The inflammatory nature of RA indicates that oxidative stress is involved in this disease. 26 Almost all chemical species which are formed by incomplete oxygen reduction comes under the category of ROS which are the most valuable class of radicals produced in living systems. ROS are highly reactive unstable chemical species that react with themselves and also with other molecules in order to gain stability. These are superoxide anion radical (O 2 .-), hydroxyl radical ( . OH), peroxyl radical and per hydroxyl radical and non-free radical species such as hydrogen peroxide (H 2 O 2 ) and singlet oxygen that are readily transformed into free radicals. ROS are formed during oxidative processes that normally occur at comparatively low levels in all cells and tissues and have both advantageous and deleterious effects. At low concentration, these are needed for sustaining redox status of the cell and for performing important cellular duties such as cell signaling, cytoskeletal regulation, cell growth, proliferation, differentiation, and apoptosis. They also provide a defense against attacking pathogens. 27 Harmful effects of ROS are observed when there is an overproduction of these reactive species or their removal by antioxidant defense system gets disturbed. Overproduction of ROS may affect physiological processes and cause damage to cellular components such as lipids in cell membranes, proteins, and nucleic acids ( Figure 1 ). 28 Reactive oxygen species are also produced in the inflamed joints of RA patients either by macrophage and/or the activated neutrophils (the main cells of inflamed synovial fluid in RA) in the synovial cavity and may contribute to the maintenance of inflammation through the activation of inflammatory molecules, leading to the destruction of articular cartilage. 29 Intense production of inflammatory cytokines induces various enzymes such as NAD(P)H oxidase, nitric oxide synthase (NOS), myeloperoxidase (MPO), and eosinophil peroxidase. The NAD(P)H oxidase complex significantly contributes in ROS generation. Cytokines such as TNF-a, IL-1b, and IFN-g drive the activation of NAD(P)H oxidase complex which catalyzes the conversion of molecular oxygen into O 2 .-. 30 ROS are not only formed by the action of NAD(P)H oxidase but also by the process of oxidative phosphorylation in mitochondria. Complex I and complex III of the ETC are the important sites of ROS formation. Formation of ROS by complex I occurs in the matrix while ROS formation by complex III occurs at both sides of mitochondrial inner membrane. Uncoupling of electron transport within mitochondria increases the formation of ROS and O 2 .is produced inside mitochondria by one-electron reduction of oxygen. 31 Some other enzymes such as xanthine oxidoreductase, cytochrome P450 monooxygenase system, and NOS also contribute in the ROS formation. 25 Superoxide anion radical is one of the main culprits involved in inflammation noticeable in RA patients. O 2 .-, along with other oxygen and nitrogen radicals, deteriorate the elements of cartilage and extracellular matrix either directly or indirectly by decreasing the synthesis of matrix components (collagen and proteoglycans). 32 The enzyme superoxide dismutase (SOD) reactive O 2 .to H 2 O 2 which is then converted into water by catalase (CAT) and glutathione reductase (GR) ( Figure 2 ). In neutrophils, the enzyme MPO converts H 2 O 2 into hypochlorous acid which further reacts with H 2 O 2 to form singlet oxygen (a damaging radical). Also, H 2 O 2 is converted to . OH (in the presence of ferrous ion or other transition metals) via the Fenton's reaction. Hydroxyl reacts very quickly with proteins, lipids and nucleic acids, thereby causing injury to them and as a consequence results in severe outcome in the pathogenesis of RA.
Numerous studies have shown that IgG is also susceptible to oxidative modification which may induce aggregation, amino acid modification, and/or fragmentation. Degree of modification and/or damage may differ according to the nature of reactive species involved. . OH cause aggregation of IgG, whereas OH 2 species may induce chemical modification without aggregation; both have been implicated in the pathogenesis of RA. 33 In addition to ROS, RNS have also been stated to be mediators of tissue destruction in RA patients. Nitric oxide (NO), NO 2 , and OONOsymbolize the most important RNS. The inducible NOS which has been reported to be overproduced in RA produce NO by the deamination of L-arginine. 34 The major producers of NO are cartilage and inflammatory synovium, chondrocytes being the primary producer among the cells of articular joints. It contributes to cartilage degradation by activating metalloproteases and by restricting the synthesis of proteoglycans. 32 When generation of NO and O 2 .happens simultaneously, it triggers the formation of a toxic reaction product, OONOanion. NOS produces both NO and O 2 .when cellular concentration of arginine is very low, which results in generation of extremely active OONOwhich contribute to cytotoxicity. 34 Peroxynitrite anion, which is a potent and versatile oxidizing and nitrating agent, is generated under several pathological conditions (ischemia, reperfusion, injury, inflammation, and sepsis) by various metabolic reactions. 35, 36 Proinflammatory cytokines (IL-1b and TNF-a) increase NOS activity that induces the generation of OONO -. 37 It is a quite stable and an essential species in mediating the toxicity of O 2 .and NO. 38 It is not a free radical by chemical nature but still a mediator of toxicity in inflammatory processes with strong oxidizing and nitrating properties toward biological molecules, including -SHs, ascorbate, lipids, amino acids, and nucleotides. 39, 40 It can also cause strand breaks in deoxyribonucleic acid (DNA). 41 Free or protein-bound tyrosine residues (and other phenolics) can be nitrated by OONOto form 3-nitrotyrosine (interfere with phosphorylation/ dephosphorylation signaling) which has been used as a probe for RNS generation and a specific marker of OONOboth in vivo and in vitro. 42 OONOis an important contributor to various forms of vascular, inflammatory, neurodegenerative, and autoimmune diseases. 43 Multiple lines of evidence gave a strong proof that OONOis actually produced in arthritis. 44, 45 The detrimental effect of OONOmay be seen when it acts on the cells and tissues, thereby causing protonation, and thus decrease in many antioxidants and -SH groups, oxidation of lipids and DNA damage. As -SH groups are decreased significantly, the redox balance in the glutathione (GSH) is switched more towards the oxidative and/or nitrosative stress. This unbalanced redox status of the GSH leads to activation of the nuclear factor kappa B (NF-kB) pathway, which in turn assists the transcription of various inflammatory mediators implicated in the pathogenesis of the disease. 46 Various studies showed that AGEs are generated by reactive dicarbonyl species in synovial fluid of RA patients as a result of oxidative/nitrosative stress. 47, 48 Formation of AGEs from Maillard reaction is a series of non-enzymatic reactions that involve carbonyl groups of reducing sugars and amino groups of proteins, nucleic acids or phospholipids forming Schiff bases which is followed by Amadori rearrangement and glycoxidation of Amadori compounds induced by reactive oxygen and nitrogen species (Figure 3 ). 49 This glycoxidation of Amadori products give rise to reactive 1, 2-dicarbonyl compounds (e.g. glyoxal). Autoxidations of sugars and other glycation intermediate also form 1, 2-dicarbonyl compounds (e.g. methylglyoxal). 49 These reactive dicarbonyl metabolites are physiological glycating agents that react mostly with amino groups of protein which may undergo further glycoxidation resulting in protein crosslinks and modifications forming AGEs. 49 AGEs also have the ability of cross-linking of proteins and reaction with receptor for AGEs (RAGE).
The RAGE, present on the surface of lymphocytes, leukocytes, macrophages, smooth muscle cells, and endothelial cells etc. 50 has been found to influence cell survival, cell proliferation, oxidative stress as well as inflammatory responses. These effects are a result of interaction between RAGE and AGEs as reported in a limited number of studies. 51, 52 Ligand bound RAGE activation also induces cytokines production which is followed by upregulation of multiple signaling pathways. Also, it drives NF-kB expression which is followed by upregulation of inflammatory markers (TNF-a and TNF-b, IL-1, IL-6 and IL-8, IFN-g) and cell adhesion molecules, and subsequently recruitment of inflammatory cells at the site of inflammation. 21 many of which are central for inflammation. A high level of circulating TNF-a was reported to be a crucial mediator in RAGE/AGE linked effects and NF-kB signaling pathway. 53 Also, the secreted IL-6 elicits an inflammatory response through IL-6 receptors found in inflammatory cells. 21 It was also reported that S100B-RAGE interaction stimulates pro-inflammatory responses in addition to ROS production in monocytes/macrophages. 54 Furthermore, the interaction of S100B and RAGE upregulates cyclooxygenase-2 (COX-2) enzyme expression which has been implicated in the pathogenesis of several inflammatory diseases. 55 The COX-2 is responsible for formation of prostanoids such as thromboxane and prostaglandins. However, increased prostaglandins level is considered as a marker of oxidative stress. 56 The triggering of inflammatory effector mechanisms (generation of cytokines and chemokines, and expression of cell adhesion molecules) mediated by the AGE-RAGE interaction engages multiple intracellular signal transduction pathways, including p21ras, mitogen-activated protein kinase (MAPK), phosphatidylinositol-3 kinase (PI3-K), cdc42/Rac, Janus kinase/signal transducers and activators of transcription, NADPH oxidase, and others. [57] [58] [59] [60] The AGE-RAGE interaction drives the activation of MAPK and PI3-K pathways which lead to activation of transcription factor NF-kB. 60 The levels of these dicarbonyl metabolites (methylglyoxal and glyoxal) that contribute to protein glycation and AGEs formation are checked by glyoxalase system which provides an enzymatic defense against glycation. 61 However, activation of NF-kB signaling pathway induced by oxidative and/or nitrosative stress as well as by AGE-RAGE interaction down regulates expression of gloxalase 1 enzyme of the glyoxalase system. 62 It is thus plausible that glyoxal and methylglyoxal derived AGEs may increase in RA through oxidative/nitrosative stress and RAGE activated down regulation of glyoxalase 1. During AGEs formation, the equilibrium between prooxidants 
NF-kB activation
and antioxidants switches to the former that leads to a marked elevation in levels of ROS and RNS which in turn lead to oxidation/nitration of proteins, lipids, and nucleic acids. Normally, damaged proteins are eliminated by the 20S proteasome of the ubiquitin-proteasome system (UPS). 63 However, formation of crosslinked proteins causes UPS inhibition. AGEs can block the proteasomal core entry due to their bulky structure. 63 The resulting decrease in proteolytic activity increases the level of oxidized and/or nitrosylated and damaged proteins. 63 Oxidative/nitrosative stress and inflammation also lead to an increased formation of AGEs. 64 It is because increased levels of oxidants/nitrosants support the oxidation of lipids and glucose, resulting in the increased production of AGEs. As a result, an elevation in levels of AGEs occurs that promote the formations of reactive oxygen and nitrogen species which consecutively induce further formation of AGEs. Morover, AGE-RAGE interaction derived activation of NF-kB increases RAGE expression, which creates a positive feedback cycle that also enhances the production of many inflammatory mediators. Also, AGE-RAGE interaction activates NAD(P) H oxidase that further increases intracellular oxidative/nitrosative stress. The abrupt increase in oxidative/nitrosative stress by NAD(P)H oxidase (in response to AGE-RAGE interaction) will also activate NF-kB, thereby resulting in the transcription of various inflammatory promoters involved in the pathogenesis of RA (Figure 4 ). 65 Moreover, NF-kB driven expression of COX-2 induced by IL-1b has also been reported. 66 
Reactions of Reactive species and dicaRbonyl with biomolecules
One of the main targets of these reactive species is lipids which are extremely susceptible due to the presence of multiple bonds in polyunsaturated fatty acids. Hydroperoxides have bad effects on cells either directly and/or indirectly through degradation to hydroxyl radicals. On reacting with transition metals (copper and iron), they produce highly reactive aldehydes like malondialdehyde (MDA) which damages cell membrane. 67 In addition to MDA, lipid peroxidation also leads to the production of many other highly reactive aldehydes such as acrolein, 4-hydroxynonenal, and isolevuglandins. It causes deterioration of biological membrane functioning by diminishing its fluidity and inactivating membrane boundreceptors and enzymes. MDA has been reported as the most important biomarker of free radical induced lipid damage and oxidative/nitrosative stress. It was also suggested that lipid peroxidation markers can play role as surrogate markers for disease activity. 68 Structure and functions of proteins can also be changed by reactive species induced modifications. Cysteine, histidine, methionine, proline, and tyrosine are some of the targets of protein oxidation. Glycoxidation reaction with lysine group or secondary reaction with product of lipid peroxidation (4-hydroxynonenal) forms protein carbonyls (a potential biomarker of oxidative stress). 68 The -SH groups have a very crucial role in protecting the body's status of antioxidants which exist either freely or bound to proteins. They protect macromolecules against the deleterious effects of free radical induced damage by eliminating them and hence are the major antioxidants present in the body. They also perform an important role in proper folding of proteins, maintaining their stability as well as for membrane transport processes. 69 -SH groups and sulphur containing amino acids are highly susceptible to ROS. Reactive species extract a hydrogen atom from cysteine residues to form a thiyl radical that cross-links with another thiyl radical forming disulfide bridges. 70 Several studies have shown that after a certain extent, further damage leads to formation of extensively crosslinked and aggregated products. These crosslinked and aggregated proteins are not only poor substrates for degradation, but also inhibit proteases that degrade other modified proteins.
In inflamed RA joints, levels of high mobility group box chromosomal protein-1 and S100A12 (RAGEs in RA) are extremely increased. 71 RA synovial tissue endothelium also shows increased levels of RAGE and proinflammatory adhesion molecules. 72 Also, macrophages settled from RA synovial fluid cells contain extensive amounts of RAGE protein. There is an infiltration of synovial tissue by various inflammatory mediators which are characterized by presence of CD68+ macrophages on RAGE antigen, increased levels of TNF-a, cytokine, and IL-1 at the inflammatory site which leads to progression of disease. 73 In addition to glucose, reactive carbonyl intermediates derived from Maillard reaction (3-deoxyglucosone) or products of autoxidation of sugars (glyoxal and methylglyoxal) and lipid peroxidation (MDA) causes chemical modification of proteins. 74, 75 Generation of 3-deoxyglucosone is non-oxidative while other reactive carbonyl compounds are closely linked to oxidative processes. 76 Proteins that are susceptible to modification and functional impairment by dicarbonyl metabolites (methylglyoxal) are called dicarbonyl proteome (e.g. albumin). Methylglyoxal modification of protein is particularly damaging because modification is directed mainly to arginine residues (and/or lysine residues) which have the greatest possibility for location at the functional sites of protein. 77 Methylglyoxal increases in oxidative/nitrosative stress and contributes to oxidants/nitrosants induced cytotoxicity. Several studies have shown that low density lipoproteins (LDLs) and proteins can be modified by this dicarbonyl metabolite. Also, increased methylglyoxal modification of mitochondrial proteins may also induce oxidative stress. 77 AGEs are inducible by oxidative/nitrosative stress and induce oxidative/nitrosative stress. N epsilon-(carboxymethyl)lysine (CML), an AGE, is a product of both lipid peroxidation and glycoxidation. 78, 79 OONOis found to induce CML formation not only by oxidative cleavage of Amadori product but also by generation of reactive alpha oxoaldehydes from glucose inducing protein modification. 80 OONOwas also shown to increase NF-kB via proteasomal degradation of inhibitor of NF-kB. 81 
handling of Reactive species and dicaRbonyls
In order to suppress the damaging effect of pro-oxidants/nitrosants, the body has an antioxidant defense system that guards the cellular system from oxidative/nitrosative damage. An antioxidant may be defined as a substance that, even if present at low concentrations, significantly prevents or delays the oxidation/nitration of its substrates. A few enzymes that are involved in the neutralization or elimination of reactive species are SOD, glutathione peroxidase and CAT, GR, glutathione S-transferase, thioredoxin reductase, and heme oxygenase. 82 There are also a few non-enzymatic antioxidants like vitamins (A, C, and E), carotenoids, flavonoids, GSH, and few antioxidant minerals like copper, ferritin, manganese, selenium, and zinc. 83 Furthermore, formation of dicarbonyl intermediates in living system is checked by glyoxalase system. It is composed of two enzymes, glyoxalase 1 and glyoxalase 2, with a catalytic amount of GSH. It converts methylglyoxal to D lactate via an intermediate S-D-lactosyl GSH. Gloxalase 1 forms S-Dlactosyl GSH via isomerization of hemiacetal (instinctively formed from methylglyoxal and GSH). Gloxalase 2, a thiolesterase, hydrolyzes S-D-lactosyl GSH to D-lactate and reforms GSH utilized in glyoxalase 1 catalyzed step. 84, 85 oxidative, nitRosative and dicaRbonyl stRess in Rheumatoid aRthRitis
Oxidative and nitrosative stresses play crucial roles in the pathogenesis of RA. Numerous studies have shown that there is an opposite relationship between occurrence of RA and dietary consumption of antioxidants; 86 dietary intake of antioxidants has been inversely related with inflammation in RA. Several factors are involved in the initiation of oxidative and nitrosative stress in the joints of RA patients. With its silent attack, there is usually no apparent joint swelling; however, acute development of RA occurs in 10% of the patients. 87 As the condition worsens, there is a comparatively symmetrical inflammatory process in the joints, usually starting in the small joints of hands and feet, but any joint can be affected. Transient ischemia of the membrane develops due to the pressure created by the activity of inflamed joints. Joints of RA patients have much higher intra-articular pressure because of the fibrosis of capsule and swelling of membrane. This inflation in the pressure causes breakdown of the blood vessels thereby leading to ischemia-reperfusion injury in the joint which is also accountable for the release of copper and iron ions, both of which drive the production of free radicals. 88 Studies have shown that there is a positive correlation between severity of the disease and oxidative/nitrosative stress in RA patients. ROS/RNS decreases the viscosity of the joints by depolymerizing hyaluronic acid. Hypo-responsiveness of T cells is induced by oxidative damage of hyaluronic acid through its effect on proteins and proteasomal degradation. 88 Bone traction and cartilage damage also occur due to excess production of RNS. Enhanced lipid peroxidation has been stated in the erythrocytes, plasma, and synovial fluid of patients with RA. Formation of lipid peroxidation products, oxidation of LDLs, and increase in the protein carbonyl contents were reported in the synovial fluid and in tissues of RA patients. 89, 90 Oxidative damage in DNA, extracellular collagen, and cartilage have also been reported. Production of NO and O 2 .and therefore OONOwas found to be higher in RA patients compared to healthy controls. 55 Rheumatoid arthritis patients generate AGEs (a byproduct of oxidative/nitrosative stress) as a result of neutrophils activation. A study demonstrated that blockade of RAGE suppressed clinical and histological evidence of arthritis indicating the role of AGEs in pathogenesis of RA. 51 Formation of AGE is dependent on the concentration and reactivity of glucose, availability of AGE-precursors, i.e. dicarbonyl metabolites, and presence of free amino groups. Glyoxal and methylglyoxal derived AGEs may be increased in RA through RAGE activated down regulation of gloxalase 1. 61 Moreover, the effect of ROS and RNS on increased AGE formation has also been studied. Accumulation of AGEs has been shown in inflamed RA synovial tissue with RAGE antigen expression overlapping with the distribution of AGE epitopes. 91 CML (an AGE) can also be used as a marker of oxidative stress. 48 Its accumulation in RA synovial tissue might be the result of oxidative stress during local and systemic inflammation. Oxidative and nitrosative stress can transform inflammation into chronic disease due to the mutation of key regulatory genes caused by different metabolic changes. 21 Several studies highlight the generation of neo-epitopes due to formation of AGEs, thereby, resulting in the generation of autoimmune response. 92, 93 Elevated levels of pentosidine (an AGE) in serum and urine reflect the increased disease activity in RA patients. 94 Pentosidine formation is accelerated by oxidative and nitrosative conditions indicating its implication in the disease process of RA. 94, 95 These findings imply that AGEs production and nitrosative stress are mainly due to increased levels of reactive oxygen and nitrogen species and the decreased antioxidant property of the cells. This imbalance between antioxidant enzymes and ROS-meditated AGE formation stimulates further ROS and RNS generation (such as OONO -) that leads to a vicious cycle of nitrosative stress and increased protein damage.
albumin modification by Reactive species and dicaRbonyls and Role of modified-albumin in Rheumatoid aRthRitis
Oxidation, nitration, and glycation are nonenzymatic processes in tissues and body fluids which contribute to modification of cartilage and other proteins of the joints during development and progression of RA. 96 Increased oxidative damage and nitration to proteins in RA are consequences of increased ROS and RNS formed in the oxidative burst of neutrophils and macrophages migration into the arthritic joint. 97 Glycated proteins have also been implicated in initiation and progression of arthritis that is a result of oxidative and nitrosative stress driven glycoxidation in RA. 98 Reactive dicarbonyl metabolites such as methylglyoxal, glyoxal, and 3-deoxyglucosone are important physiological glycating agents but they differ from glucose as their modification is directed mainly to guanidine group of arginine residues. 99 Studies related to gene deletion and pharmacological activation of nuclear factor erythroid 2-related factor 2 (transcription factor which coordinates basal and inducible expression of enzymes that protect against oxidative/nitrosative stress and dicarbonyl glycation) support that oxidative and nitrosative damage and dicarbonyl glycation are key players in the initiation and progression of RA. 62, 100, 101 Albumin (an antioxidant as well as a dicarbonyl proteome) is targeted by both reactive species and dicarbonyl metabolites and the concentration of modified protein is related to the severity of the disease. In the course of its long lifetime, an albumin molecule makes 15,000 passes through the circulation and can acquire some damage that influences its antioxidant properties. 13 Reports showed that decreased antioxidant properties of impaired albumin may be connected to pathological situations correlated with diabetes mellitus, early occurrence of vascular complications, and autoimmune diseases, together with functional alterations of albumin. In this complicated pathology, albumin undergoes increased glycation. 13 Albumin glycation led to a considerable deficit in its antioxidant characteristic with respect to copper mediated oxidation of LDL. 13 In physiological conditions, 0.9% of the albumin is glycated by dicarbonyl metabolites; however, its level may increase in several pathological conditions. It was confirmed that gathering of CML, a dominant antigenic AGE, was involved in tissue disorders, hyperglycemia, and inflammation. 102 It was shown in a study that when glycated human serum albumin was incubated with OONO -, CML formation was detected that increased with increasing concentrations of OONO -. 48 Another study pointed out that OONOmediated CML formation may play an important role in the formation of AGEs and the pathogenesis of RA. 80 It may also be speculated that OONOmodified-HSA generate neo-epitopes produced by OONOmodification that creates biophysical and biochemical changes in the protein, which was confirmed by the generation of highly specific antibodies in an experimental animal study. 103 Such antibodies against modified/damaged albumin have been reported in various diseases like diabetes mellitus, systemic lupus erythematosus, and other autoimmune diseases and in cancer. 103 Many impairments in the antioxidant properties of albumin after glycation and/or oxidation and/or nitration are manifested and they are important in the pathogenesis of many diseases. 104, 105 OONOproduced during inflammatory conditions causes structural changes in albumin that has been trapped in synovial cells. 106 The nitroxidizedalbumin is poorly susceptible to proteases and thus remains in circulation for a longer period than its native counterpart. This nitroxidized-albumin is considered foreign by immunoregulatory cells and they start producing antibodies against it. These autoantibodies are an indicator of the initiation and/or progression of RA. 104 In conclusion, effective treatment of RA is limited due to failure of early diagnosis of the disease. Consequently, RA is typically diagnosed only after the damage to the joints has begun, a time at which remission of the disease is difficult. The thrust for sensitive biomarkers for RA has been the object of interesting research in the last few years. Although several biomarkers of different nature have been studied from different locations and related to different outcomes, relatively few have reached clinical use. Discovering a protein biomarker that may predict joint damage at an early stage would be helpful in making clinical decisions on the most appropriate treatment regimen for distinct patients. A clinically useful marker, i.e. levels of nitroxidized-AGE-albumin formed by the simultaneous action of dicarbonyls/OONO -, may serve as an authentic tool. Nitroxidized-AGEalbumin level (or serum autoantibodies against nitroxidized-AGE-albumin) paves the path for early diagnoses of RA.
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